Abstract. The "Snowmass Points and Slopes" (SPS) are a set of benchmark points and parameter lines in the MSSM parameter space corresponding to different scenarios in the search for Supersymmetry at present and future experiments. This set of benchmarks was agreed upon at the 2001 "Snowmass Workshop on the Future of Particle Physics" as a consensus based on different existing proposals.
Why benchmarks -which benchmarks?
In the unconstrained version of the Minimal Supersymmetric extension of the Standard Model (MSSM) no para e-mail: Georg.Weiglein@durham.ac.uk ticular Supersymmetry (SUSY) breaking mechanism is assumed, but rather a parameterization of all possible soft SUSY breaking terms is used. This leads to more than a hundred parameters (masses, mixing angles, phases) in this model in addition to the ones of the Standard Model. The currently most popular SUSY breaking mechanisms are minimal supergravity (mSUGRA) [1], gauge-mediated SUSY breaking (GMSB) [2] , and anomaly-mediated SUSY breaking (AMSB) [3] . In these scenarios SUSY breaking happens in a hidden sector and is mediated to the visible sector (i.e. the MSSM) in different ways: via gravitational interactions in the mSUGRA scenario, via gauge interactions in the GMSB scenario, and via the super-Weyl anomaly in the AMSB scenario. Assuming one of these SUSY breaking mechanisms leads to a drastic reduction of the number of parameters compared to the MSSM case. The mSUGRA scenario is characterized by four parameters and a sign, the scalar mass parameter m 0 , the gaugino mass parameter m 1/2 , the trilinear coupling A 0 , the ratio of the Higgs vacuum expectation values, tan β, and the sign of the supersymmetric Higgs mass parameter, µ. The parameters of the (minimal) GMSB scenario are the messenger mass M mes , the messenger index N mes , the universal soft SUSY breaking mass scale felt by the low-energy sector, Λ, as well as tan β and sign(µ). The (minimal) AMSB scenario has the parameters m aux , which sets the overall scale of the SUSY particle masses (given by the vacuum expectation value of the auxiliary field in the supergravity multiplet), tan β, sign(µ), and m 0 , where the latter is a phenomenological parameter introduced in order to keep the squares of slepton masses positive. The mass spectra of the SUSY particles in these scenarios are obtained via renormalization group running from the scale of the high-energy parameters of the SUSY-breaking scenario to the weak scale. The low-energy parameters obtained in this way are then used as input for calculating the predictions for the production cross sections and for the decay branching ratios of the SUSY particles.
While a detailed scanning over the more-than-hundredcdimensional parameter space of the MSSM is clearly not practicable, even a sampling of the three-or fourdimensional parameter space of the above-mentioned SUSY breaking scenarios is beyond the present capabilities for phenomenological studies, in particular when it comes to simulating experimental signatures within the detectors. For this reason one often resorts to specific benchmark scenarios, i.e. one studies only specific parameter points or at best samples a one-dimensional parameter space (the latter is sometimes called a model line [4] ), which exhibit specific characteristics of the MSSM parameter space. Benchmark scenarios of this kind are often used, for instance, for studying the performance of different experiments at the same collider. Similarly, detailed experimental simulations of sparticle production with identical MSSM parameters in the framework of different colliders can be very helpful for developing strategies for combining pieces of information obtained at different machines.
The question of which parameter choices are useful as benchmark scenarios depends on the purpose of the actual investigation. If one is interested, for instance, in setting exclusion limits on the SUSY parameter space from the non-observation of SUSY signals at the experiments performed up to now, it is useful to use a benchmark scenario which gives rise to "conservative" exclusion bounds. [8] . Another application of benchmark scenarios is to study "typical" experimental signatures of SUSY models and to investigate the experimental sensitivities and the achievable experimental precisions for these cases. For this purpose it seems reasonable to choose "typical" (a notion which is of course difficult to define) and theoretically well motivated parameters of certain SUSY-breaking scenarios. Examples of this kind are the benchmark scenarios used so far for investigating SUSY searches at the LHC [9, 10], the Tevatron [11] and at a future Linear Collider [12] . As a further possible goal of benchmark scenarios, one can choose them so that they account for a wide variety of SUSY phenomenology. For this purpose, one could for instance analyse SUSY with R-parity breaking, investigate effects of non-vanishing CP phases, or inspect non-minimal SUSY models. In this context it can also be useful to consider "pathological" regions of parameter space or "worst-case" scenarios. Examples for this are the "large-|µ| scenario" for the Higgs search at LEP [5] and the Tevatron [13] , for which the decay h → bb can be significantly suppressed, or a scenario where the Higgs boson has a large branching fraction into invisible decay modes at the LHC (see e.g. [14] ).
A related issue concerning the definition of appropriate benchmarks is whether a benchmark scenario chosen for investigating physics at a certain experiment or for testing a certain sector of the theory should be compatible with additional information from other experiments (or concerning other sectors of the theory). This refers in particular to constraints from cosmology (by demanding that SUSY should give rise to an acceptable dark matter density [15] ) and low-energy measurements such as the rate for b → sγ [16] and the anomalous magnetic moment of the muon, g µ − 2 [17] (see [18] for the updated SM prediction for g µ − 2). On the one hand, applying constraints of this kind gives rise to "more realistic" benchmark scenarios. On the other hand, one relies in this way on further assumptions (and has to take account of experimental and theoretical uncertainties related to these additional constraints), and it could eventually turn out that one has inappropriately narrowed down the range of possibilities by applying these constraints. This applies in particular if slight modifications of the SUSY breaking scenarios are allowed that have a minor impact on collider phenomenology but could significantly alter the bounds from cosmology and low-energy experiments. For instance, the presence of small flavor mixing terms in the SUSY Lagrangian could severely affect the prediction for BR(b → sγ), while allowing a small amount of R-parity violation in the model would strongly affect the constraints from dark matter relic abundance while leav-
